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Campylobacter fetus subsp. venerealis bv. intermedius is a variant of C. fetus subsp. venerealis, the causative agent of bovine gen- 
ital campylobacteriosis, a venereal disease associated with abortion and infertility in cattle. We report the first closed whole- 
genome sequence of this biovar. 
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The pathogen Campylobacter fetus includes two subspecies: C. 
fetus subsp. fetus and C. fetus subsp. venerealis. The niches of 
the subspecies are different: C. fetus subsp. fetus can be isolated 
from a variety of different hosts ( 1 ), whereas Campylobacter fetus 
subsp. venerealis is restricted to the genital tracts of cattle (2). Both 
subspecies can cause disease in cattle, but only C. fetus subsp. 
venerealis is described as the causative agent of bovine genital cam- 
pylobacteriosis, a disease characterized by fertility problems in 
cattle (2). A variant of C fetus subsp. venerealis, designated C. fetus 
subsp. venerealis bv. intermedius, has been identified (3). A C. 
fetus subsp. venerealis bv. intermedius genome sequence is avail- 
able (4) , consisting of 2 1 8 unassembled contigs. This unassembled 
genome does not allow for the full identification of the core and 
accessory genome and the reconstruction of pathways and surface 
structures that might contribute to the pathogenicity of this bio- 
var. In this study, we report the first closed whole-genome se- 
quence of C. fetus subsp. venerealis bv. intermedius strain 03/293, 
isolated in Argentina from the lung of an aborted bovine fetus (5). 

For sequencing, three platforms were combined: Roche GS- 
FLX Titanium, Illumina MiSeq, and PacBio RS. A total of 248,123 
Roche 454 reads were assembled using the Newbler assembler 
(version 2.6) into four scaffolds with 82 contigs, with 50 X cover- 
age. All 454 base calls were validated using 1,490,018 Illumina 
MiSeq reads, which added 156X coverage. A circular high- 
resolution Aflll restriction map of the genome was generated by 
optical mapping (Argus Optical Mapper; OpGen, Inc., Gaithers- 
burg, MD) to determine the orientation and order of the contigs 
and validate the assembly. The assembly of regions with insertion 
sequences or repeats in the S-layer and pathogenicity island (PAI) 
locus were confirmed with PacBio continuous long reads, adding 
117X coverage. All base calls and polymeric tracts were validated 
using the high-depth MiSeq reads. 

C. fetus subsp. venerealis bv. intermedius strain 03/293 has a 
circular genome of 1,866,009 bp, with an average G+C content of 



33%. Protein-, rRNA-, and tRNA-encoding genes were identified 
as described previously (6). Annotation was based on C. fetus 
strains 82-40 (GenBank accession no. NC_008599) and 03-427 T 
(accession no. CP006833), using Artemis (7), and the identifica- 
tion of Pfam domains (version 27.0) (8). The genome contains 
1,773 putative protein-encoding genes, 48 pseudogenes, 43 tRNA 
genes, and 3 rRNA operons. The genome also includes 13 inser- 
tion sequence elements and 31 homopolymeric GC tracts 
(>8 bp). This strain is a carrier of two megaplasmids (91,400 bp 
and 35,326 bp) and a small cryptic plasmid (3,993 bp). 

The C. fetus subsp. venerealisby. intermedius genome contains 
an S-layer coding region, which is also found in C. fetus subsp. 
fetus and C. fetus subsp. venerealis. The genomes of the C. fetus 
subspecies were compared in a BLASTp analysis. High degrees of 
both synteny and similarity in gene content between the C. fetus 
subspecies were shown. The closed genome sequence of C. fetus 
subsp. venerealis bv. intermedius is an important reference ge- 
nome for the comparison of virulence and host associations of the 
different C. fetus subspecies. 

Nucleotide sequence accession numbers. The complete ge- 
nome sequence of C. fetus subsp. venerealis bv. intermedius strain 
03/293 has been deposited in GenBank under accession no. 
CP006999 to CP007002. 

ACKNOWLEDGMENTS 

We thank Mary Chapman and Nathaniel Simon for the generation of 
Illumina MiSeq reads, and thank Sandy Fryda Bradley, Bob Lee, and Re- 
nee Godtel for the generation of PacBio RS reads. 

This work was supported in part by USDA-ARS CRIS project no. 
5325-42000-047-00D. 

REFERENCES 

1. Garcia MM, Eaglesome MD, Rigby C. 1983. Campylobacters important in 
veterinary medicine. Vet. Bull. 53:793-818. 



January/February 2014 Volume 2 Issue 1 e01246-13 



Genome Announcements 



genomea.asm.org 1 



van der Graaf-van Bloois et al. 



2. Butzler JP. 1984. Campylobacter infections in man and animals. CRC 
Press, Boca Raton, FL. 

3. Veron M, Chatelain R. 1973. Taxonomy study of the genus Campylobacter 
Sebald and Veron and designation of the neotype strain for the type species, 
Campylobacter fetus (Smith and Taylor) Sebald and Veron. Int. J. Syst. 
Bacteriol. 23:122-134. http://dx.doi.org/10.1099/00207713-23-2-122. 

4. Iraola G, Perez R, Naya H, Paolicchi F, Harris D, Lawley TD, Rego N, 
Hernandez M, Calleros L, Carretto L, Velilla A, Morsella C, Mendez A, 
Gioffre A. 2013. Complete genome sequence of Campylobacter fetus subsp. 
venerealis biovar intermedius, isolated from the prepuce of a bull. Genome 
Announc. 1 (4) :e00526- 1 3. http://dx.doi.org/ 10.11 28/genomeA.00526- 13. 

5. Campero CM, Moore DP, Odeon AC, Cipolla AL, Odriozola E. 2003. 



Aetiology of bovine abortion in Argentina. Vet. Res. Commun. 27: 
359-369. http://dx.doi.Org/10.1023/A:1024754003432. 

6. Merga JY, Winstanley C, Williams NJ, Yee E, Miller WG. 2013. Complete 
genome sequence of the Arcobacter butzleri cattle isolate 7hlh. Genome 
Announc. I(4):e00655-13. http://dx.doi.org/10.1128/genomeA.00655-13. 

7. Rutherford K, Parkhill J, Crook J, Horsnell T, Rice P, Rajandream MA, 
Barrell B. 2000. Artemis: sequence visualization and annotation. Bioinfor- 
matics 16:944-945. http://dx.doi.org/10.1093/bioinformatics/16.10.944. 

8. Punta M, Coggill PC, Eberhardt RY, Mistry J, Tate J, Boursnell C, Pang 
N, Forslund K, Ceric G, Clements 1, Heger A, Holm L, Sonnhammer EL, 
Eddy SR, Bateman A, Finn RD. 2012. The Pfam protein families database. 
Nucleic Acids Res. 40:D290-D301. http://dx.doi.org/10.1093/nar/gkrl065. 



2 genomea.asm.org 



Genome Announcements 



January/February 2014 Volume 2 Issue 1 e01246-13 



